US009321674B2

a2z United States Patent (10) Patent No.: US 9,321,674 B2
Ritzberger et al. (45) Date of Patent: Apr. 26, 2016
(54) LITHIUM SILICATE GLASS CERAMIC AND (56) References Cited
GLASS WITH TRANSITION METAL OXIDE U'S. PATENT DOCUMENTS
(71) Applicant: Ivoclar Vivadent AG, Schaan (LI) 2684911 A 71954 Stookey
o . 3,006,775 A 10/1961 Chen
(72) Inventors: Christian R}tzberger, Grabs (CH); 3.022.180 A 2/1962 Morrissey et al.
Wolfram Héland, Schaan (LI); Marcel 3,161,528 A 12/1964 Eppler
Schweiger, Chur (CH); Volker 3,252,778 A 5/1966 Goodman et al.
Rheinberger, Vaduz (1.]) 3,804,608 A 4/1974 Gaskell et al.
’ 3,816,704 A 6/1974 Borom et al.
. . 3,977,857 A 8/1976 Matt
(73) Assignee: Ivoclar Vivadent AG, Schaan (LI) 4155888 A 51979 Mgo?}?
) ) o ) 4,189,325 A 2/1980 Barrett et al.
(*) Notice:  Subject to any disclaimer, the term of this 4,473,653 A 9/1984 Rudoi
patent is extended or adjusted under 35 4,480,044 A 10/1984 McAlinn
U.S.C. 154(b) by 0 days. 4,515,634 A 5/1985 Wu et al.
5,176,961 A 1/1993 Crooker et al.
5,219,799 A 6/1993 Beall et al.
(21)  Appl. No.: 14/275,099 5432130 A 7/1995 Rheinberger et al.
. 5,507,981 A 4/1996 Petticrew
(22) Filed: May 12, 2014 5,618,763 A 4/1997 Frank et al.
5,690,819 A 11/1997 Chianh
(65) Prior Publication Data 5,698,019 A 12/1997 Frank et al.
5,698,482 A * 12/1997 Franketal. ..o 501/10
US 2014/0335473 Al Nov. 13,2014 5,702,514 A 12/1997 Petticrew
5,968,856 A 10/1999 Schweiger et al.
Related U.S. Application Data G120175 A 92000 Drescher etal
(63) Continuation of application No. 13/079,063, filed on 6,184,162 Bl 2/2001 " Speit et al.
6,342,458 Bl 1/2002 Schweiger et al.
Apr. 4, 2011, now Pat. No. 8,759,237. 6,376,397 BL*  4/2002 PetticteW .....oocovcvecrvcrvnnn. 501/5
. Lo L. 6,420,288 B2* 7/2002 Schweigeretal. ............... 501/7
(30) Foreign Application Priority Data 6455451 Bl 9/2002 Brodkin et al.
6,485,849 B2  11/2002 Petticrew
Apr. 16,2010 (EP) oo 10160222 .
Jul.7,2010  (EP) oo 10168792 (Continued)
(51) Int.CL FOREIGN PATENT DOCUMENTS
Co3C 10712 (2006.01) CA 2163792 Al 12/1994
C03C 10/00 (2006.01) CA 2213390 A1 3/1998
AG6IK 6/02 (2006.01) (Continued)
AG6IK 6/027 (2006.01)
C03C 3/095 (2006.01)
CO3C 4/00 (2006.01) OTHER PUBLICATIONS
€03C 14/00 (2006'01) Giassi, L., et al., Injection moulding of LiO2—Zr02—Si02—AI203
A61C 510 (2006.01) (LZSA) glass ceramics, Glass Technology, vol. 46, No. 3, Jun. 2005,
AG6IC 13/00 (2006.01) pp. 277-280.
AG6IK 6/06 (2006.01) Continued
C03B 32/02 (2006.01) (Continued)
CO9K 11/02 (2006.01)
(52) US.CL ) ) ]
CPC oo, C03C 10/0027 (2013.01); A61C 5/10  Primary Examiner — Noah Wiese
(2013.01); 461C 13/0003 (2013.01); A61C (74) Attorney, Agent, or Firm — Ann M. Knab; Thad
13/0004 (2013.01); A61C 13/0006 (2013.01); McMurray
A61C 13/0022 (2013.01); A61K 6/023
(2013.01); 461K 6/024 (2013.01); A61K 6/025
(2013.01); 461K 6/0215 (2013.01); A61K (57) ABSTRACT
6/0235 (2013.01); A61K 6/0245 (2013.01);
A6IK 6/0255 (2013.01); A61K 6/0273 The invention relates to a lithium silicate glass ceramic,
(2013.01); 461K 6/0612 (2013.01); CO3B which contains at least 8.5 wt.-% transition metal oxide
32/02 (2013.01); CO3C 3/095 (2013.01); CO3C selected from the group consisting of oxides of yttrium,
4/0021 (2013.01); CO3C 14/00 (2013.01); oxides of transition metals with an atomic number from 41 to
CO9K 11/025 (2013.01); CO3C 2204/00 79 and mixtures of these oxides. The invention also relates to
(2013.01); Y10T 29/49567 (2015.01) a corresponding lithium silicate glass, a process for the prepa-
(58) Field of Classification Search ration of the glass ceramic and of the glass as well as their use.

CPC ...... C03C 3/097;, C03C 3/095; CO03C 10/0009
LOI) & G 501/5, 6, 7, 63, 64, 68, 69, 70
See application file for complete search history.

24 Claims, No Drawings



US 9,321,674 B2

Page 2
(56) References Cited GB 2284655 A 6/1995
Jp 32-5080 7/1932
U.S. PATENT DOCUMENTS TP 11-74418 A 3/1999
Jp 2000-103636 A 11/2000
6,514,893 Bl  2/2003 Schweiger et al. P 2001-184624 A 6/2001
6,517,623 Bl 2/2003 Brodkin et al. Jp 2005-263627 A 9/2005
6,593,257 Bl 7/2003 Nagata et al. Ip 2008-515549 A 5/2008
6,802,804 B2 10/2004 Brodkin et al. JP 5094017 B2 12/2012
6,818,573 B2 11/2004 Petticrew wo 9532678 A2 12/1995
7,316,740 B2* 1/2008 Schweiger etal. ............. 10635 WO 2006/042046 A2 4/2006
7,452,836 B2 11/2008 Apel et al. WO 2009/126317 Al 10/2009
7,816,291 B2  10/2010 Schweiger et al.
7,871,948 B2 1/2011 Apel et al. OTHER PUBLICATIONS
;:g?é:ggg g% 13;38“ (S:élligvlé(i)ger ctal z.Apel, E.., e.t al., “.Ir.lf.luence of Zr02 on the cr?/stallization and proper-
8,047,021 B2  11/2011 Schweiger et al. ties of lithium disilicate glass-ceramics d.erlved. from multi-compo-
2001/0031446 Al  10/2001 Petticrew nent system”, Journal of European Ceramic Society, 2007, 27, 1571-
2002/0009600 Al 1/2002 Peng et al. 1577.
2002/0010063 Al 1/2002 Schweiger et al. Durschang, Dr. Bernhard, “Report of Results”, Fraunhofer Institute
2002/0031670 Al 3/2002 Goto et al. for Silicate Research ISC Glass and Mineral Materials, 2015.
2002/0035025 Al 3/2002 Schweiger et al. McMillan, PW., et al., “The Structure and Properties of a Lithium
2003/0073563 Al 4/2003 Brodkin et al. Zinc Silicate Glass-Ceramic”, Journal of Material Science 1966, 1.
2003/0099062 Al 5/2003 Kataoka et al. 269-279.
2005/0098064 Al 5/2005  Schweiger et al. Deubener, I, et al., “Induction time analysis of nucleation and crystal
2005/0209082 Al 9/2005  Apel et al. grown in di- and metasilicate glasses”, Journal of Non-Crystalline
2006/0139091 Al 6/2006 Fratti Solids 1993. 163. 1-12
2008/0120994 Al 52008 Schweiger et al. OUAS 129, 00, e . R . .
2009/0023574 Al*  1/2009 Holand et al. ..., 501/48 Holand, W., et al., “Glass-ceramic technology”, American Chemical
2009/0162608 A1* 62009 Yagi etal. ..coccocooveveer 428/141  Society 2002, Weslerville OH, USA. _ _
2009/0256274 Al 10/2009 Castillo Holand, W., et al., “Control of nucleation in glass ceramics”, Phil.
2009/0258778 Al  10/2009 Castillo Trans. Soc. Lond. A 2003, 361, 575-589.
2010/0083706 Al 4/2010 Castillo Holand, W., et al., “Principles and phenomena of bioengineering with
2011/0030423 Al 2/2011 Johannes et al. glass-ceramics of dental restoration”, Journal of the European
2011/0256409 Al* 10/2011 Ritzbergeretal. ... 428/432 Ceramics Society 2007, 27, 1571-1577.
2012/0094822 Al 4/2012 Castillo et al. Ivoclar Vivadent, Inc., IPS e.max lithium disilicate, 627329, Rev.
2012/0148988 Al 6/2012 Castillo et al. Feb. 2009.
2012/0248642 Al 10/2012 Ritzberger et al. Borom, M.P, et al., “Strength and Microstructure in Lithium
2012/0309607 Al  12/2012 Durschang et al. Disilicate Glass Ceramics”, J. Am. Ceram. Soc., 1975,58, 385-391.
Von Clausbruch, et al., “Effect of ZnO on the Crystallization,
FOREIGN PATENT DOCUMENTS Microstructure, and Properties of Glass-Ceramics in the SiO2—
Li20—K20—P205 System,” Glastech. Ber. Glass Sci. Technol.
CA 2252660 Al 5/1999 74(8):223-229(2001).
DE 2451121 Al 5/1975 Von Clausbruch, et al., “Effect of P20O5 on the Crystallization and
DE 19750794 Al 6/1999 Microstructure of Glass-Ceramics in the SiO2—Li20—Zn)—P205
EP 0231773 Al 8/1987 System,” Glastech. Ber. Glass Sci. Technol. 74(8):223-229(2001).
EP 0536479 Al 4/1993 Stookey, S.D., “Chemical Machining of Photosensitive Glass,” Ind.
EP 0536572 Al 4/1993 Ene. Chem. 45:115-118 (1993
EP 0827941 Al 3/1998 ng. Chem. 45:115-118 (1993). .
EP 0817597 B1 9/1999 Oliveria et al., “Sintering and Crystallization of a GlassPowder in the
FP 0774933 B1 12/2000 Li20—Z1r02—Si02 System,” J. Amer. Ceramic Soc. 81(3)1777-780
EP 1127564 A2 8/2001 (1998).
EP 1505041 Al 2/2005
GB 752243 A 7/1956 * cited by examiner



US 9,321,674 B2

1
LITHIUM SILICATE GLASS CERAMIC AND
GLASS WITH TRANSITION METAL OXIDE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of U.S. Ser.
No. 13/079,063, filed Apr. 4, 2011, which claims the benefit
of European Patent Application Serial No. 10160222.5, filed
Apr. 16, 2010 and European Patent Application Serial No.
10168792.9, filed Jul. 7, 2010, all of which are hereby incor-
porated by reference in their entirety.

TECHNICAL FIELD

The invention relates to lithium silicate glass ceramics and
glasses with a high content of an element with a high atomic
number, which are suitable in particular for use as dental
materials, for example for the preparation of dental restora-
tions.

BACKGROUND OF THE INVENTION

Lithium silicate glass ceramics are characterized by very
good mechanical properties, which is why they have been
used for a long time in the dental field and primarily for
preparing dental crowns and small bridges. The known
lithium silicate glass ceramics usually contain as main com-
ponents SiO,, Li,O, Al,O;, alkali metals such as Na,O or
K, 0 and nucleating agents such as P,O5. In addition, they can
contain as further components for example further alkali
metal oxides and/or alkaline earth metal oxides and/or ZnO.
Glass ceramics are also known which contain small quantities
of further metal oxides and in particular colouring and fluo-
rescent metal oxides.

EP 1505 041 and U.S. Pat. No. 7,316,740, which is hereby
incorporated by reference in its entirety, describe lithium
silicate glass ceramics which can additionally contain 0 to 2
wt.-% ZrO, as well as 0.5 to 7.5 wt.-% and in particular 0.5 to
3.5 wt.-% colouring and fluorescent metal oxides. EP 1 688
398 and U.S. Pat. No. 7,452,836, which is hereby incorpo-
rated by reference in its entirety, describe similar lithium
silicate glass ceramics which are substantially free of ZnO
and can also contain, in addition to the above-mentioned
quantities of colouring and fluorescent metal oxides, O to 4
wt.-% ZrO,, wherein however to achieve high strengths
smaller quantities of from 0 to 2 wt.-% ZrO, are preferred.
The glass ceramics are processed into the desired dental res-
torations in particular in the form of lithium metasilicate glass
ceramics by means of CAD/CAM methods, wherein a sub-
sequent heat treatment effects the conversion of the metasili-
cate phase to the high-strength disilicate phase.

U.S. Pat. No. 6,455,451, which is hereby incorporated by
reference in its entirety, relates to lithium disilicate glass
ceramics which, in addition to other components, can also
contain transition metal oxides. It is proposed inter alia, in
order to increase the refractive index of the glass matrix, to
add small quantities of heavy elements such as Sr, Y, Nb, Cs,
Ba, Ta, Ce, Eu or Tb. Thus, for example, CeO, and Tb,O, can
be used in quantities of from 0 to 1 wt.-%, Nb,O; and Ta,O4
in quantities of from 0 to 2 wt.-% and ZrO, and Y,0O; in
quantities of from 0 to 3 wt.-%. In one embodiment, Ta, Oy is
said to be able to be present in a quantity of from 0.5 to 8
wt.-%, even though the specific examples contain at most
2.02 wt.-% of this oxide.

U.S. Pat. Nos. 5,176,961 and 5,219,799, which are hereby
incorporated by reference in their entirety, disclose glass
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2

ceramics for example for the production of crockery, which
can contain as colorants specific transition metal oxides such
as CeO,, Co;0,, Cr,05, Cu0, Fe,0;, MnO,, NiO and V,0;
in a quantity of from 0.01 to 7 wt.-%.

U.S. Pat. Nos. 5,507,981 and 5,702,514 which are hereby
incorporated by reference in their entirety, describe processes
for shaping dental restorations and glass ceramics that can be
used in these processes. These are in particular lithium dis-
ilicate glass ceramics which can contain 0 to 5 wt.-% colour-
ing oxides such as SnO,, MnO, CeO, Fe,0;, Ni,0O, V,0;,
Cr,0; or TiO,.

Known glass ceramics based on lithium silicate often have
optical properties which do not adequately satisfy the aes-
thetic requirements in particular in connection with the use as
dental materials. Thus known glass ceramics often have an
unfavourable refractive index. With glass ceramics in particu-
lar there is the problem that the refractive indices of the
crystalline phase and of the glass phase usually differ mark-
edly from each other, which in most cases results in an undes-
ired clouding of the glass ceramic. Similar problems exist for
example in the case of composites because the refractive
indices of known glass ceramics and glasses usually differ
from those of the polymer phase. There is therefore a need for
glass ceramics based on lithium silicate the refractive index of
which can be easily varied, but without the other properties
being substantially impaired. Moreover, it is desirable that
such glass ceramics can be prepared and crystallized under
conditions comparable to those for customary glass ceramics.

DETAILED DESCRIPTION OF THE INVENTION

The lithium silicate glass ceramic according to the inven-
tion is characterized in that it comprises at least 8.5 wt.-%
transition metal oxide selected from the group consisting of
oxides of yttrium, oxides of transition metals with an atomic
number from 41 to 79 and mixtures of these oxides.

In general it is preferred that the transition metal oxide as
component of the glass ceramic according to the invention or
of'the glass according to the invention effects substantially no
colour change compared with a corresponding glass ceramic
or a corresponding glass without the addition of this compo-
nent. In particular, the transition metal oxide is colourless
and/or non-fluorescent.

The transition metal oxide is preferably selected from the
group consisting of oxides of Y, Nb, La, Ta, W and mixtures
of these oxides.

Glass ceramics are preferred which comprise 8.5 to 30.0
wt.-%, preferably 9.0 to 25.0 wt.-%, in particular 9.5 to 20.0
wt.-%, preferred 10.0 to 18.0 wt.-%, more preferred 10.5 to
16.0 wt.-% and most preferred 11.0 to 15.0 wt.-% transition
metal oxide selected from one or more of the above-named
groups.

Surprisingly, by using the high content according to the
invention of transition metal with a high atomic number, the
refractive index of glass ceramics and glasses based on
lithium silicate can be easily adjusted without other proper-
ties being substantially impaired. In particular it was shown
unexpectedly that the high content of transition metal with a
high atomic number usually neither impedes the desired crys-
tallization of lithium disilicate nor leads to the formation of
undesired secondary crystal phases, with the result that glass
ceramics with excellent optical and mechanical properties are
obtained according to the invention.

A glass ceramic which comprises 54.0 to 80.0 and in par-
ticular 60.0 to 70.0 wt.-% SiO, is further preferred.

In addition, a glass ceramic which comprises 11.0 to 19.0
and in particular 12.0 to 15.0 wt.-% Li,0 is preferred.
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It has proven particularly preferable if the glass ceramic
comprises 0.5 to 12.0 and in particular 2.5 to 6.0 wt.-%
nucleating agents. Preferred nucleating agents are selected
from P,O;, TiO,, metals, e.g. Pt, Pd, Au, Ag, or mixtures
thereof. Particularly preferably, the glass ceramic comprises
P,Oj5 as nucleating agent. Surprisingly, in particular P,O; as
nucleating agent effects the formation of desired lithium dis-
ilicate crystals while largely preventing the formation of
undesired secondary crystal phases.

The glass ceramic according to the invention preferably
comprises a further alkali metal oxide in an amount of from
0.5 to 13.0, preferably 1.0 to 7.0 and particularly preferably
2.0to 5.0 wt.-%. The term “further alkali metal oxide” refers
to alkali metal oxide with the exception of Li,O. The further
alkali metal oxide is in particular K,O, Cs,O and/or Rb,O and
is particularly preferably K,O. It is assumed that the use of
K,O contributes to the strengthening of the glass network
compared with the Na,O used in conventional glass ceramics.
It is preferred that the glass ceramic comprises less than 2.0,
in particular less than 1.0, preferably less than 0.5 wt.-% and
particularly preferably essentially no Na,O.

It is further preferred that the glass ceramic comprises up to
6.0 wt.-% and in particular 0.1 to 5.0 wt.-% alkaline earth
metal oxide, wherein the alkaline earth metal oxide is in
particular CaO, BaO, MgO, SrO or a mixture thereof.

It is furthermore preferred that the glass ceramic comprises
up to 6.0 wt.-% and in particular 0.1 to 5.0 wt.-% ZnO.

The glass ceramic according to the invention can moreover
also comprise additional components which are selected in
particular from oxides of trivalent elements, further oxides of
tetravalent elements, further oxides of pentavalent elements,
melt accelerators, colorants and fluorescent agents.

A glass ceramic which comprises 0.2 to 8.0, in particular
1.0 to 7.0 and preferably 2.5 to 3.5 wt.-% oxide of trivalent
elements is preferred, wherein this oxide is selected in par-
ticular from Al,O;, Bi,O; and mixtures thereof, and prefer-
ably is AL, O;.

The term “further oxides of tetravalent elements” refers to
oxides of tetravalent elements with the exception of SiO,.
Examples of further oxides of tetravalent elements are ZrO,,
SnO, and GeO,, and in particular ZrO,.

The term “further oxides of pentavalent elements” refers to
oxides of pentavalent elements with the exception of P,Os.
An example of a further oxide of pentavalent elements is
Bi,0s.

A glass ceramic which comprises at least one further oxide
of tetravalent elements or one further oxide of pentavalent
elements is preferred.

Examples of melt accelerators are fluorides.

Examples of colorants and fluorescent agents are chro-
mophoric or fluorescent oxides of d and f elements, such as
the oxides of Sc, Ti, Mn, Fe, Ag, Ce, Pr, Tb, Er and Yb, in
particular Ti, Mn, Fe, Ag, Ce, Pr, Tb and Er.

A glass ceramic which comprises at least one and prefer-
ably all of the following components is particularly preferred:

Component wt.-%

SiO, 54.0 to 80.0, in particular 60.0 to 70.0
Li,O 11.0 to 19.0, in particular 12.0 to 15.0
K,0 0.5 to 13.5, in particular 1.0 to 7.0
AlLO; 0.2 to 8.0, in particular 1.0 to 7.0
Alkaline earth oxide 0 to 6.0, in particular 0.1 to 5.0

Zno 0 to 6.0, in particular 0.1 to 5.0
Transition metal oxide 8.5 to 30.0, in particular 9.0 to 25.0
P,0s5 0.5 to 12.0, in particular 2.5 to 6.0
710, 0.1 to 4.0, in particular 0.5 to 2.0
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-continued

Component wt.-%

Colorants and
fluorescent agents

0.1 to 8.0, in particular 0.2 to 2.0.

The term “main crystal phase” used below refers to the
crystal phase which has the highest proportion by volume
compared with other crystal phases.

The glass ceramic according to the invention preferably
has lithium metasilicate as main crystal phase. In particular
the glass ceramic comprises more than 5 vol.-%, preferably
more than 10 vol.-% and particularly preferably more than 15
vol.-% of lithium metasilicate crystals, relative to the total
glass ceramic.

In a further preferred embodiment, the glass ceramic has
lithium disilicate as main crystal phase. In particular the glass
ceramic comprises more than 5 vol.-%, preferably more than
10vol.-% and particularly preferably more than 15 vol.-% of
lithium disilicate crystals, relative to the total glass ceramic.

The lithium disilicate glass ceramic according to the inven-
tion is characterized by particularly good mechanical prop-
erties and can be produced by heat treatment of the lithium
metasilicate glass ceramic according to the invention.

It is also surprising that, despite its high content of a tran-
sition metal with a high atomic number, the lithium disilicate
glass ceramic according to the invention usually has a good
translucency and no amorphous-amorphous phase separation
occurs in it and it can thus be used for example for the
aesthetically pleasing coating of dental restorations.

The lithium disilicate glass ceramic according to the inven-
tion has good mechanical properties and a high chemical
resistance.

The invention also relates to a lithium silicate glass which
comprises the components of the glass ceramic according to
the invention described above. In respect of preferred
embodiments of this glass, reference is made to the preferred
embodiments described above of the glass ceramic according
to the invention. It was shown surprisingly that, despite the
high content of transition metal with a high atomic number,
homogeneous, clear glasses can be obtained which display no
undesired phenomena such as amorphous-amorphous phase
separation or spontaneous crystallization. These glasses are
therefore suitable for the preparation of the glass ceramic
according to the invention. Alternatively, a use for example as
filler for example in dental materials, in particular inorganic-
organic composites, is also possible. A subject of the inven-
tion is also a polymerizable composition which comprises a
glass ceramic or a glass as described above and at least one
polymerizable monomer. Suitable monomers and further
constituents of composites are known to a person skilled in
the art.

A lithium silicate glass with nuclei which are suitable for
the formation of lithium metasilicate and/or lithium disilicate
crystals is particularly preferred.

The glass according to the invention with nuclei can be
produced by heat treatment of a correspondingly composed
starting glass. By a further heat treatment the lithium meta-
silicate glass ceramic according to the invention can then be
formed, which in turn can be converted into the lithium dis-
ilicate glass ceramic according to the invention by further
heat treatment. The starting glass, the glass with nuclei and
the lithium metasilicate glass ceramic can consequently be
seen as precursors for the production of the high-strength
lithium disilicate glass ceramic.
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The glass ceramic according to the invention and the glass
according to the invention are present in particular in the form
of powders or blanks, as they can easily be further processed
in these forms. They can, however, also be present in the form
of dental restorations, such as inlays, onlays, crowns or abut-
ments.

The invention also relates to a process for the preparation of
the glass ceramic according to the invention and the glass with
nuclei according to the invention, in which a starting glass

6

Dental restorations, such as inlays, onlays, crowns or abut-
ments, can be prepared from the glass ceramic according to
the invention and the glass according to the invention. The
invention therefore also relates to their use for the preparation
of dental restorations.

In view of the above-described properties of the glass
ceramic according to the invention and the glass according to
the invention as its precursor, these are also suitable in par-
ticular for use in dentistry. A subject of the invention is there-

with the components of the glass ceramic or the glass is 10 f . . .

. . ore also the use of the glass ceramic according to the inven-
subjected to at least one heat treatment in the range of from . . . . .
450 t0 950° C. tionor the glass according to the invention as a dental materlal

Th . . o and in particular for the preparation of dental restorations or
e starting glass therefore comprises at least 8.5 wt.-% . il for dental restorati h
oxide of at least one transition metal as defined above. In as a coating material lor dental restorations, such as crowns

e e . . .- and bridges.
addition, it preferably also comprises suitable quantities of 15 ] o ) ) ) )
Si0, and Li,O, in order to make possible the formation of a The invention is described in further detail below with
lithium silicate glass ceramic. Furthermore, the starting glass reference to examples.
can also contain further components, such as are given above
fpr the lithium siligate glass ceramic accor(.iing to the inyen- EXAMPLES
tion. Those embodiments are preferred which are also given 20
as preferred for the glass ceramic.

To prepare the starting glass, the procedure is in particular Examples 1 to 10
that a mixture of suitable starting materials, such as carbon-
ates, oxides, phosphates and fluorides, is melted at tempera- .
tures of in particular from 1300 to 1600° C., preferably 1450 25 Composition and Crystal Phases
to 1500° C., for 2 to 10 h. To achieve a particularly high ) )
homogeneity, the obtained glass melt is poured into water in A total of 10 glasses and glass ceramics with the compo-
order to form a glass granulate, and the obtained granulate is sition given in Table I (each in wt.-%) were prepared by
then melted again. melting corresponding starting glasses followed by heat treat-
The melt can then be poured into moulds to produce blanks 30 ment for controlled nucleation and crystallization.
of'the starting glass, so-called solid glass blanks or monolithic The starting glasses were firstly melted in a 100 to 200 g
blanks. The cooling preferably takes place from a tempera- scale from customary raw materials at 1400 to 1500° C. and
ture of 500° C. with a cooling rate of 3 to 5 K/min to room transformed into glass frits by pouring them into water. These
temperature. This is advantageous in particular for the pro- glass frits were then melted a second time at 1450 to 1550° C.
duction of stress-free glass products. 35 for 1 to 3 h for the homogenization. The obtained glass melts
It is also pOSSible to put the melt into water again in order were poured into pre-heated moulds to produce g]ass mono-
to prepare a granulate. This granulate can then be pressed, liths. These glass monoliths were transformed into glasses
after grinding and optionally addition of further components, and glass ceramics according to the invention by thermal
such as colorants and fluorescent agents, to form a blank, a treatment.
so-galled powder green compact. 40 The crystal phases obtained after completion of all heat
Finally, the starting glass can also be processed to form a treatments were determined by high-temperature X-ray dif-
powder afte.r &r anulat.lon. . . fraction (HT-XRD) at the temperatures listed in each case in
T'he starting glass is then subjected, e.g. m the form of a Table I. Surprisingly, glass ceramics with lithium disilicate as
solid glass blank, a powder green compact or in the form of a main crystal phase were always obtained. Despite the high
powdei‘, toat .least one heat treatment in the range offr.or.n.450 45 ontent of transition metals with a high atomic number, no
to 9.50 C. It is preferred thaF a first heat treatment is initially secondary crystal phases were found with these transition
carried out at a temperature in the range of from 500 to 600° metals.
C. to prepare a glass according to the invention with nuclei ] o .
which are suitable for forming lithium metasilicate and/or Finally, th.e refrac}we indices of' the respective glass phases
lithium disilicate crystals. This glass can then preferably be so Were determined using Abbe refractometry (20° C., 589 nm).
subjected to at least one further temperature treatment at a It was shown that the glass ceramics according to the inven-
higher temperature and in particular more than 570° C. to tion have a much higher refractive index than a comparison
effect crystallization of lithium metasilicate or lithium disili- glass ceramic.
cate. Although the present invention has been described in con-
The at least one heat treatment carried out in the process 55 nection with preferred embodiments thereof, it will be appre-
according to the invention can also take place within the ciated by those skilled in the art that additions, deletions,
framework of the pressing or sintering of the glass according modifications, and substitutions not specifically described
to the invention or the glass ceramic according to the inven- may be made without department from the spirit and scope of
tion onto a ceramic. the invention as defined in the appended claims.
TABLEI
1 2 3 4 5 6 7 8 9 10
Si0, 674 584 664 63.5 67.0 61.8 66.4 66.4 618 545
K,0 37 1.0 2.9 2.8 2.9 1.0 2.9 2.9 1.0 0.5
Li,O 14.1 12.1 13.8 13.2 14.4 13.2 13.8 13.8 132 113
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TABLE I-continued

1 2 3 4 5 6 7 8 9 10
ALO; 3.2 10 29 2.5 1.0 2.9 2.9 1.0 0.5
P,Os 3.1 25 40 4.0 4.0 5.0 4.0 4.0 5.0 3.2
WO, 8.5
Nb,Os 10.0
Ta,0s5 10.0
La,0, 25.0 10.0 18.0 30.0
Y,0; 14.0 10.0 18.0
Ce0, 1.0
Er,03 0.3
Tb,0, 04
Total 100.0 1000 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Crystal Li,Si,0s Li;Si,05s  LirSi,0s  LipSibOs LirSi,0s  LiSiOs  LizSiOs  LipSipOs
phase (s) Li;PO, (800°)  KAISiO,  (780°)  Li;SiO;  (800°)  Li,SiO;  LaPO,
HT-XRD  (800° C.) (820°) (800°) (700°C.)  (800° C.)
Refractive 1.5312 15547 1.5553 15494 1.5643 1.5403 15422 1.5586
index ny

The invention claimed is: 20

1. Lithium silicate glass ceramic, which comprises Component wt.-%

at least 8.5 wt.-% transition metal oxide selected from the Si0, 54.0 to 80.0

group consisting of oxides of yttrium, oxides of transi- Li,O 11.0to 19.0
tion metals with an atomic number from 41 to 79 and ALO; 0.2t0 8.0
it £ th d 25 K,0 2.8t013.5
muxtures of these ox1des, Alkaline earth 010 6.0
at least 2.8 wt.-% K,0, and oxide
further comprises lithium metasilicate or lithium dis-sili- Zno 010 6.0
. Transition 8.5 to 30.0
cate as main crystal phase. metal oxide

2. Glass ceramic according to claim 1, which comprises 30 P05 0.5t0 12.0
more than 5 vol. % of lithium metasilicate or lithium disilicate Z10, 0.1to4.0

Colorant 0.1to0 8.0
crystals.

3. Glass ceramic according to claim 1, which comprises at
least 8.5 wt.-% transition metal oxide selected from the group and fluorescent agent.
consisting of oxides of Y, Nb, La, Ta, W and mixtures of these 3>  14. Glass ceramic according to claim 1, which is present in
oxides. the form of a powder, a blank or a dental restoration.

4. Glass ceramic according to claim 1, which comprises 15. Glass ceramic according to claim 1, wherein the refrac-
54.0 to 80.0 wt.-% SiO,. tive index is at least 1.53.

5. Glass ceramic according to claim 1, which comprises 16. Lithium silicate glass, which comprises the compo-
11.0t0 19.0 wt.-% Li,O. nents of the glass ceramic according to claim 1, and is capable

6. Glass ceramic according to claim 1, which comprises 0.5 upon hea.t Fr.eatment of forming lithium metasilicate and/or
to 12.0 wt.-% nucleating agent, wherein the nucleating agent lithium disilicate crystals as main crystal phase.
is selected from P,0., TiO,, and/or metals. 17. Glass according to claim 16, which is present in the

7. Glass ceramic according to claim 1, which comprises 45 form of.a POWd?r; a blank or a.dental res.toration.
further alkali metal oxide in an amount of from 0.5 to 13.5 18. Lithium SIIIC?te glass Wthh COmprises the components
wt.-%, wherein the further alkali metal oxide is K,O, Cs,O of the glass ceramic according to claim 1 and further com-
and/or Rb,O. prises nuclei which are suitable for forming lithium metasili-

8. Glass ceramic according to claim 1, which comprises up cate and/or lithium Qisilicate cry stals as maip crystal phas.e.
to 6.0 wt.-% alkaline earth metal oxide, wherein the alkaline 50  19. Glass according to claim 18, wherein the refractive
earth metal oxide is CaO, BaO, MgQO and/or SrO, and/or index is at least 1.53.
comprises up to 6.0 wt.-% ZnO. 20. Process for the preparation of the glass ceramic accord-

9. Glass ceramic according to claim 1, which comprises 0.2 ing to claim 1, in which a starting glass with the components
to 8.0 wt.-% oxide of trivalent elements, wherein the oxide of ofthe glass ceramic is subjected to at least one heat treatment
trivalent elements is Al,O; and/or Bi,O;. 55 in the range of from 450 to 950°C. ) )

10. Glass ceramic according to claim 1, which comprises at 21. Process Of?smg the g!ass ceramic accord}ng.to claim 1,
least one further oxide of tetravalent elements or at least one asd .dental material, Wher ein the dental mgter ial is used for
further oxide of pentavalent elements coating dental restorations, for the preparation of dental res-

1. Gl . i ) B 10. wherein th torations or as filler in inorganic-organic composites.

) ’ asgl ciramlc.zccoiﬂ 1ng to lc alml » wherein the at o, 55 T ithium silicate glass ceramic, which comprises at least
;f_gt osne o rt ér SXI ¢ of tetravalent elements comprises 8.5 wt.-% transition metal oxide selected from the group
25 SIS, OF A€ 2 ) ) ) consisting of oxides of yttrium, oxides of transition metals

12. Glass ceramic according to claim 10, wherein thf: at with an atomic number from 41 to 56 and 58 to 79 and
least one further oxide of pentavalent elements comprises  mixtures of these oxides and further comprises lithium meta-
Bi, 0. 65 silicate and/or lithium disilicate as main crystal phase.

13. Glass ceramic according to claim 1, which comprises at
least one of the following components:

23. Lithium silicate glass, which comprises the compo-
nents of the glass ceramic according to claim 22, and is
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capable upon heat treatment of forming lithium metasilicate
and/or lithium disilicate crystals as main crystal phase.

24. Lithium silicate glass which comprises the components
of the glass ceramic according to claim 22 and further com-
prises nuclei which are suitable for forming lithium metasili- 5
cate and/or lithium disilicate crystals as main crystal phase.

#* #* #* #* #*
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